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ESSENTIALS IN ENGINEERING EDUCATION. 


BY MILO 8S. KETCHUM, 
President, Society for Promotion of Engineering Education. 


Engineers and engineering schools have taken a very im- 
portant part in war activities and have shown the value of 
technical training. Under the changed conditions due to 
the war all educational methods and ideals should receive 
careful scrutiny to see whether or not they fill the needs of 
the hour. In this brief address the essentials in engineer- 
ing education will be briefly considered. 

Before starting to build a machine or a structure the engi- 
neer prepares plans and specifications. If we are to prepare 
to educate an engineer, we should also have specifications for 
the finished product. A well-known engineer has given the 
following definition of a good engineer: ‘‘A good engineer 
must be of inflexible integrity, sober, truthful, accurate, reso- 
lute, discreet, of cool and sound judgment, must have com- 
mand of his temper, must have courage to resist and repel 
attempts at intimidation, a firmness that is proof against 
solicitation, flattery or improper bias of any kind, must take 
an interest in his work, must be energetic, quick to decide, 
prompt to act, must be fair and impartial as a judge on the 
bench, must have experience in his work and in dealing with 
men, which implies some maturity of years, must have busi- 
ness habits and knowledge of accounts. Men who combine 
these qualities are not to be picked up every day. Still they 
ean be found. But they are greatly in demand, and when 
found, they are worth their price; rather they are beyond 
price, and their value can not be estimated by dollars.’’ 


- (Chief Engineer Starling’s Report to Mississippi River Com- 


mission.) Stated somewhat differently, an engineer must , 
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ESSENTIALS IN ENGINEERING EDUCATION. 


have general training, must have technical training, must have 
professional experience, must have high moral character, must 
have a knowledge of men, must have a broad vision, must 
have administrative and business experience. 

While all will agree as to the specifications and require- 
ments of a good engineer, a careful study of the curricula of 
engineering schools will show that there is a great difference 
of opinion as to what are the essentials in engineering educa- 
tion in order that students may be given the proper training 
so that they may, after obtaining sufficient practical expe- 
rience, become engineers. A brief discussion of the essen- 
tials of engineering education by an engineering educator 
who has for some months been engaged in engineering admin- 
istration may be of value. 

In the beginning it should be remembered the problem is 
not only to train the student so that after sufficient experience 
he may become an engineer, but also to make a man out of 
a boy. The latter is even more important than the former; 
and every scheme of education must keep in mind the fact 
that clean living and straight thinking are the essentials of 
all educational methods. Students come to college from high 
schools with very different degrees of preparation, varying 
from the boy from a well-to-do family who has graduated 
from an English or classical high school to the boy from a 
workingman’s family who has had just sufficient training in 
a poor high school to enable him to enter. While schools with 
private endowments may select applicants for admission by 
a rigid examination, most state universities find it necessary 
to admit by credentials and then give the freshman a full 
term in which to show his ability. 

The most critical time in the engineering student’s career 
is during the first semester when he is making the change 
from a high-school student to a college freshman. The fresh- 
man has no appreciation of his new duties and responsibilities 
and requires very careful direction if he is to make the best 
use of his opportunities. Freshman teachers should be men 


45 


. 


ESSENTIALS IN ENGINEERING EDUCATION. 


of mature experience, selected for their ability to interest and 
enthuse students as well as for their teaching ability. If 
young teachers must be placed in charge of freshmen they 
should be engineering graduates selected with reference to 
their ability to interest and enthuse students. In this con- 
nection it should be kept in mind that the harshest judge is 
always one who has been the shortest time on the bench, and 
also that the teacher who has but recently graduated is 
usually too critical of the abilities of others and too proud of 
his recently acquired knowledge to be placed in charge of 
freshmen classes. 

The courses of engineering schools contain little or no en- 
gineering subjects during the first two years, and it is difficult 
to keep up the student’s interest. It has been suggested that 
the student’s interest be aroused by the addition during the 
first two years of properly selected elementary professional 
subjects. In the University of Colorado the teachers in 
mathematics, drawing and English are engineering graduates 
who have had sufficient engineering experience to be able to 
show the freshmen and sophomores the direct application of 
their courses to engineering practice. The instructors in 
mdthematies are not only able to teach mathematics, but know 
from experience the value of mathematics to the engineer. 
The student immediately feels that mathematics is not some- 
thing to be gotten by, but is to be a tool that will help him to 
solve many knotty problems. The instructor in engineering 
English has had a large experience in technical writing, and 
is not only able to teach the students to write, but knows from 
experience the value of English to the engineer. The success 
of the departments of engineering mathematics and engineer- 
ing English, with engineers as teachers, is merely an example 
of the well-recognized fact that the prime essential for a suc- 
cessful teacher is to know his subject. What right, then, 
have we to expect a teacher of mathematics or of English who 
has studied mathematics or English merely to teach others to 
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teach, to successfully teach engineering students who are in- 
terested in doing things? 

An engineer requires training in pure science so that he 
may be able to apply scientific laws and principles to the solu- 
tion of engineering problems, and also in order that he may 
make researches for himself. It is more important that he be 
given basic courses in science that will open up the field and 
that will teach him to use scientific methods in taking up a 
new line of work, than that he be given extended courses 
going into the technique of the subject and including a large 
number of experiments. 

Mathematics should be taught concretely and not abstractly. 
The principal difficulty with students and engineers is to 
express observed facts and data in mathematical terms pre- 
liminary to the mathematical solution of the problem. The 
student should be taught that mathematics is merely a mill 
into which data are fed to be turned into a form that will be 
useful to the engineer. He should also be taught that mathe- 
matics and mechanics will never take the place of judgment, 
but are useful in making experience already gained applica- 
ble to new conditions, and also that no mathematical process 
can give results that are any more accurate than are the data 
upon which the calculations are based. The student should 
be given training in graphic calculation in order that he may 
be able to visualize the problem, and thus prepare the data 
for the mathematical process. Many problems that are very 
difficult when solved by algebraic processes are very simple 
if solved by graphics. Teachers of mathematics in high 
schools and liberal arts colleges, as a rule, have had no training 
in graphics, and therefore do not use graphics in mathemat- 
ical instruction. Many students who have shown very little 
ability to understand algebraic processes are able to under- 
stand the same problems when solved by graphics. The engi- 
neer should be able to use algebraic or graphic methods with 
equal facility. By properly choosing the method, it is possi- 
ble to save a large amount of time in ‘calculations, or one 
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method may be used in making the original calculations and 
the second method may be used for check solutions. 

Many problems in mechanics that are very difficult to solve 
by algebraic methods are very easily solved by graphics. The 
calculation of stresses in a continuous beam of variable cross- 
section, which is a very difficult problem when solved by alge- 
braic methods, is a very simple problem when solved by 
graphics. The details of this solution are so simple that they 
may be understood by a freshman of average ability. Graphic 
methods are capable of as great accuracy as are algebraic 
methods, and at the same time, are less liable to large acci- 
dental errors or mistakes. 

All measurements and data used by the engineer in his cal- 
culations are approximate values and the results of calcula- 
tions are therefore at the best only probable values. There is 
therefore no subject of mathematics that is of more value to 
the engineer than that of the theory of probability. The 
theory of probability has been defined as that line of mathe- 
matical reasoning by which one is able to determine by scien- 
tifie methods a result that would be arrived at by one who has 
had a very large experience and trained judgment. Many 
of the laws of mechanics may be derived by applying the laws 
of the theory of probability, which fact shows the direct con- 
nection between mechanics and the theory of probability. 

Drawing and surveying should be taught to develop the 
student rather than to make draftsmen or surveyors. In 
teaching surveying, better results are obtained by the men 
working in squads than in large parties, as is the custom in 
actual pracice. The assigned problems should be designed 
with the idea of developing the theory of surveying instru- 
ments and their application rather than with the end in view 
of making a surveyor. 

In the beginning of engineering schools, the curriculum 
consisted mainly of languages, mathematics, chemistry, and 
physics, together with surveying and brief courses in engi- 
neering construction. Engineering teachers were for the 
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most part men with little or no engineering experience, and as 
a result the training in the engineering school did not prove 
to be of any material benefit aside from the libert arts train- 
ing. The engineering graduate was not looked on with favor, 
either by the financial man who employed him, or the prac- 
tical engineer under whom he worked. There was a constant 
conflict between engineering theory and engineering practice. 

With the advance in pure and applied science, the curricu- 
lum of the engineering school has changed from an inferior 
liberal arts course with a smattering of engineering practice, to 
a course in applied science with a close and intimate contact 
with the latest advances in engineering practice. Engineer- 
ing schools now have fully equipped laboratories in which 
commercial tests are made of materials and machines. Many 
engineering teachers have made notable additions to scientific 
knowledge as applied to engineering construction. The feel- 
ing of antagonism between practical engineering and theo- 
retical engineering has disappeared, and engineers and tech- 
nical schools are now working in very close codperation. 
Engineering contractors find that they must needs keep in 
touch with the laboratory if they are to solve present-day 
construction problems. The most approved and latest ad- 
vances in mechanics together with properties of materials are 
now recognized as essential to engineering construction. 
There is no longer any conflict between engineering theory 
and engineering practice. It is now universally recognized 
that a satisfactory design can only be evolved after all of the 
theoretical and practical considerations have been taken into 
account. The engineer is no longer satisfied with rule-of- 
thumb methods, which were the basis of the art of engineer- 
ing. The engineering teacher is no longer looked upon as an 
interesting specimen that must be tolerated and endured, but 
is now given an honorable position in the engineering pro- 
fession. 

An engineer is a man who not only designs and builds 
safely, but who designs and constructs a structure or machine 
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that is adapted to the needs, with a cost commensurate with 
the service rendered. The design of a structure requires not 
only the knowledge of the properties of materials and the 
ability to calculate the stresses, but also a knowledge of local 
conditions and requirements, of economical design, of details 
of construction, of methods of erection, methods of fabrica- 
tion, and their effect on cost, and many other matters which 
limit the design. The most economical structure for any 
given conditions is the one which will give the greatest service 
for the least money, quality of service and life of the structure 
being given the proper consideration. Financial limitations 
often limit the design and the problem then is to design a 
structure that will give satisfactory service with the money 
available. 

To design a satisfactory structure when limited by financial 
considerations is a problem that requires the exercise of the 
highest possible skill on the part of the engineer. He must 
be able to select an economical type of structure; he must make 
an accurate estimate of the loads to be carried by the struc- 
ture; he must be able to calculate the stresses with accuracy ; 
he must make the details of the design with due reference 
to ease of obtaining the material, to cost of shop work, and 
cost of erection. 

The successful engineering contractor must be trained not 
only in applied science but in business methods and in addi- 
tion have some familiarity with the law. He must not only 
be able to build well, but must have the initiative to work out 
any problems in a way that will bring satisfactory results to 
both his client and to himself. 

The successful engineer must not only have a thorough en- 
gineering training, but he must be trained to know men. The 
engineer must not only know how to design or to build, but 
must be able to impress others with his ability. In adminis- 
trative positions, the ability to select subordinates is a prime 
essential. More engineers fail in administrative positions 
due to their inability to select men than due to any other one 
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thing. As a class, engineers are prone to judge men too much 
on their technical ability alone, and give too little attention 
to those qualifications and characteristics in men that make 
it possible to use technical knowledge. A man with a disa- 
greeable disposition ordinarily has no opportunity to use his 
technical ability except in a very inferior position. One of 
the most important advantages gained from technical educa- 
tion is contact with other men and an appreciation of the 
value of human engineering. Of all the materials with which 
an engineer has to deal there is no material so difficult to 
handle and control as human material. 

In addition to the usual courses in mathematics, mechanics, 
science and languages, the engineering course should include 
training, either formally or informally, in ethics and in a 
man’s relations to his fellows. A well-balanced engineering 
course must not only give training in technical and humaniz- 
ing subjects, but must give training in straight, logical think- 
ing. The engineering student must be impressed with the 
idea that in the end he must appeal to the good sense and in- 
tellect of his hearer if he is to be able to put his plans into 
execution. 

Methods of teaching students in the class-room and the 
laboratory are directly applicable to engineering construction. 
The inspector on concrete construction should instruct the 
foremen and workmen so that they will understand the effect 
of a poorly graded aggregate, the effect of too much water, 
and other details that determine the quality of concrete, 
rather than undertake to control the work by the force of his 
authority. The improved methods of construction proposed 
by the engineer must stand the criticism of the superintendent 
or the foremen if they are to be effective. A large engineer- 
ing project is in effect a large engineering school in which 
the engineer and his assistants are the faculty, the superin- 
tendents and foremen are their assistants, and the workmen 
are the students. The more effective the work of the teacher 
and his assistants, the better will be the results. Where the 
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workmen as well as the foremen are kept interested in the 
work, the results are sure to be satisfactory. Interested work- 
men means efficient workmen. On large construction projects 
the organization is necessarily so complicated that the work- 
man is easily lost sight of. If workmen are to be efficient, 
they must be well housed and well fed, and be given adequate 
opportunities for recreation. The workmen must have sani- 
tary quarters and be given adequate medical attention. The 
suceess of engineering construction depends so much upon the 
character and quality of the service rendered by the work- 
men, that the engineer in responsible charge should have had 
considerable training and experience along the line of wel- 
fare work and sanitation. 

With small construction jobs, it was possible for the super- 
intendent with a limited personnel to accomplish satisfactory 
results without organization through his own personality. 
With large engineering projects, where the work must be 
completed in a very short time, the problem is a very difficult 
one. The main error in the organization of very large proj- 
ects is that the administrative machinery is gathered together 
very rapidly without proper coérdination. The problem of 
harmonizing the different elements in an organization of this 
character and working it into a single unit is one that appeals 
especially to an engineering administrator. The problem is 
one of education and not one in which the results can be ob- 
tained by exerting authority. The administrator should have 
absolute authority in order that he may not find it necessary 
to use the authority. 

The results accomplished in military training camps show 
that educational methods have been very wasteful and ineffi- 
cient. The idea that the student’s initiative can be developed 
by turning him loose in the laboratory, the drawing room or 
the field to work out the problem without instructions is no 
longer tenable. No man has a right to have initiative until 
he has knowledge. If the student is taught to think straight 
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and that all work must be planned in advance, he will in due 
time develop initiative. 

The efficiency of engineering education can be greatly in- 
creased by the use of proper pedagogical methods. The sub- 
ject-matter of each course should be selected with the idea of 
developing the subject in a logical manner. The course 
should be developed with full notes and definite instructions 
for all experiments or problems. The most direct method in 
learning is to study a similar problem that is fully worked 
out, or to follow a problem survey that is fully worked out 
with notes or calculations. The use of sample problems, field 
notes or laboratory experiments, not only assists the student 
in learning the particular matter in hand, but gives him train- 
ing in keeping his notes in an orderly manner and shows him 
that the best results from subordinates can only be obtained 
when they are given very carefully prepared and definite 
instructions. 

The problems assigned to students should not be too com- 
plex or too complicated, but each problem should be selected 
to bring out and illustrate a few or even one important prin- 
ciple. Better results in teaching topographic surveying can 
be obtained by giving the student a series of field problems 
illustrating the different divisions of a survey, than to have 
the student assist in a large topographic survey where he has 
only a limited responsibility. All problems or exercises 
should as far as possible require that the entire solution be 
carried through by each student independently. The old 
saying that ‘‘a boy is a boy, two boys is a half a boy, and three 
boys is no boy at all’’ is almost literally true when applied 
to students. 

In all calculations, experiments and field work great care 
should be used to impress the student with the great impor- 
tance of the use of consistent accuracy. The student should 
be shown that all data which the engineer uses are approxi- 
imate, and that the results of his calculations are therefore 
only probable values. He should be shown where he may use 
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a slide rule, where he should use five-place logarithms, and 
where seven-place logarithms. It will also be useful to show 
that six-place logarithms require more work in their use than 
do five-place logarithms with no gain in accuracy. The stu- 
dent should also be taught to use the different calculating 
machines. While the slide rule is a very useful tool its con- 
stant use by the student is open to question, for, the reason 
that he does not get adequate training in performing ordinary 
arithmetical calculations. The engineer should be able to 
run hurriedly over calculations performing all arithmetical 
operations by short cuts or approximate methods, in order 
that he may be certain that the result is consistent. A com- 
mon error with students and young engineers is to point off 
incorrectly, or to work out the details of one column of a 
tower and then forget to multiply by four. 

In teaching engineering design it is very important that the 
student be given careful instructions. The size of the sheet 
and the scale of the drawing should be selected so that satis- 
factory results may be obtained. The time occupied in pre- 
paring a drawing of a particular machine or structure varies 
almost directly as the area of the drawing. Careful tests 
have shown that in teaching structural design a size of plate 
of 18 inches by 24 inches is much more economical of the stu- 
dent’s time than a plate 24 inches by 36 inches. It should 
also be noted that the scale of the drawing on the smaller 
plate is seven tenths of the scale of the drawing on the larger 
plate. There isan additional saving of time in finishing draw- 
ings in pencil. By the use of drawing plates 18 inches by 
24 inches in place of plates 24 inches by 36 inches, and by 
finishing drawings in pencil, the work in structural design in 
a given course may easily be doubled. While the recent grad- 
uate should have some familiarity with tracing, itis very much 
more important that he be able to make a good pencil drawing. 

The student should be given an opportunity to get a famil- 
iarity with good literature so that he may in time become a 
well-read man. This may be done by regular courses or 
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by means of supplementary reading courses. The idea that 
certain courses were humanistic and therefore liberal, and 
that other courses were materialistic and therefore not giving 
a liberal training is no longer tenable. The humanizing and 
liberalizing value of any subject is in the teacher and is not 
in the subject. The most important part of any institution 
of learning is the teacher. The engineering teacher should 
be a man that will fill the specifications prepared by Engineer 
Starling in his report to the Mississippi River Commission, 
and in addition he should have teaching experience and a love 
for his work. While teachers of this type are worth the price, 
it is at present very difficult to obtain sufficient funds to keep 
able teachers from going into practice. 

The most critical problem in engineering education to-day 
is to obtain a sufficient number of competent teachers. The 
Society can undertake no greater task than to improve the 
conditions and increase the emoluments of engineering teachers 
so that engineering students may all have instruction under 
men of thorough training in theory and practice who can 
comply with the specifications for a good engineer. 
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STUDENT ARMY TRAINING CORPS. 


WAR DEPARTMENT. 


COMMITTEE ON EDUCATION AND SPECIAL 
TRAINING. 


SPECIAL BULLETIN ON PROGRAMS IN ENGINEERING. 


The programs here presented are not prescribed, but are 
examples of what will be approved. They are intended to 
indicate how existing programs may be modified by elimina- 
tions and condensations so as to meet the needs of the present 
emergency. Each program covers eight terms of twelve weeks, 
but it must not be inferred that every student entering on 
such a course will be kept at college until he completes it. The 
time that he will be permitted to pursue the course will depend 
on the needs of the service and the academic record of the 
student. In addition to the instruction indicated in these 
courses, eleven hours per week of military instruction are pre- 
scribed for the first two terms of the program, and six hours 
per week for the remainder of the program. The total time 
to be devoted to military and academic instruction, including 
examinations, lectures, recitations, laboratory work and super- 
vised study, is 53 hours per week. The hours set forth in the 
programs attached represent the total time devoted each week 
to the subject named. The relation of the time given to study 
to that assigned to lectures, recitations and laboratory work 
varies considerably with the nature of the subject, but on the 
average the former is not more than half of the total time 
allotted. The subject, War Issues, which must be combined 
with English Composition, is, with the exceptions indicated in 
Section 26 of the Regulations of the S. A. T. C., prescribed 
for two terms with nine hours per week for lectures, recita- 
tions and study. 

It is suggested that as far as practicable students in the 
Naval Section of the Students Army Training Corps follow 
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an approved course in Mechanical Engineering. Steam and 
gas engine subjects are necessary for students who attempt 
to qualify for the Navy engineering schools. 


CIVIL ENGINEERING, 


First Term, 

Hours per Week. 
12 
*Drawing and descriptive geom- 

etry or surveying........... 9 
War issues and English com- 
9 
Third Term, 
Mechanism and applied me- 
*Drawing and descriptive geom- 
etry or surveying........... 6 
Fourth Term. 
9 
*Surveying or drawing........ 9 
Fifth Term. 
Theory of structures ......... 6 
10 


Railroad engineering (includ- 
ing drafting and fieldwork).. 15 
Highway engineering ......... 6 
Map reading and topographical 
drawing 
Geology 


Second Term. 
Hours per Week. 
12 
*Drawing and descriptive geom- 
etry or surveying........... 9 
War issues and English com- 
Sizth Term. 
Theory of structures ......... 9 
4 
Railroad engineering (includ- 
Electrical engineering ........ 12 
Seventh Term, 
Theory of structures ......... 12 
10 
Railroad engineering ......... 4 
Heat engineering ............ 12 
Hydraulic and sanitary engi- 
Eighth Term. 
Theory of structures’......... 12 
Hydraulic and sanitary engi- 
neering and design ......... 16 
Heat engineering ............ 9 
Railroad design ............. 3 
Sanitary science and public 


Business law and accounting... 6 


* These courses will be divided between surveying and drawing in ac- 
cordance with the season of year in which they come and the number of 
students registered. The total time allotment to surveying is equivalent 
to twelve hours per week for one term. 


STUDENT ARMY TRAINING CORPS. 


MECHANICAL ENGINEERING. 


First Term, 


Hours per Week. 

Drawing and descriptive geom- 

etry 

War issues and English com- 


Second Term 
12 

War issues and English com- 
Third Term, 
Mechanism and mechanical en- 
gineering drawing ......... 10 
Mathematics 12 
Surveying, map reading, and 
topographical drawing ...... 7 
Fourth Term. 
Hours per Week. 
Applied mechanics ........... 12 
12 


Mechanical engineering drawing 5 
Shopwork 


Fifth Term. 
Heat engineering and English 
15 
Electrical engineering ........ 10 
Applied mechanics ........... 12 
Machine drawing ............ 6 
4 
Sixth Term. 
Heat engineering and English 
15 
Applied mechanics ........... 10 


Electricalengineeringlaboratory 7 
Shopwork 
Seventh Term. 


Materials of engineering and 
testing materials laboratory.. 12 


Mechanism of machines....... 5 
Machine design .............. 10 
Applied mechanics ........... 10 
Engineering laboratory ....... 4 
Eighth Term. 
Power plant design .......... 8 
Industrial plants (including 
heating and ventilation).... 16 
Mechanics of engineering...... 7 
Engineering laboratory ....... 10 


Gas motors or heat treatment.. 5 
Shopwork 


* These courses will be divided between surveying and drawing in ac- 
cordance with the season of year in which they come and the number of 
students registered. The total time allotment to surveying is equivalent 
to twelve hours per week for one term. 
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STUDENT ARMY TRAINING CORPS. 


ELECTRICAL ENGINEERING. 


First Term. 
Hours per Week. 
Mathematics 12 
Drawing and descriptive geom- 
War issues and English com- 
Second Term. 
12 
Drawing and descriptive geom- 
War issues and English com- 
cece e's 9 
Third Term, 
Mechanism and applied me- 
Mechanical engineering draw- 
Fourth Term 
Elements of electrical engi- 
Applied mechanics ........... 12 
Surveying, map reading, and 
topographical drawing ...... 7 


Fifth Term. 


Hours per Week. 


Elements of electrical engi- 
neering and direct current 
machinery 

Electrical engineering laboratory 

Heat engineering 

Materials of engineering 

Shopwork 


Sizth Term. 


Variable and alternating cur- 

rents 
Electrical engineering laboratory 
Heat engineering 
Mechanical engineering labora- 

tory 
Structures of machine design. . 


Seventh Term. 


Alternating current machinery. 
Electrical engineering laboratory 
Electrical transmission (power 

and telephone) 


Eighth Term. 


Alternating current machinery. 
Electrical engineering laboratory 
Power stations (steam and 

hydro-electric) ............ 
Motor applications, lighting 

and storage batteries ....... 
Business law and accounting. . 


CoMMITTEE ON EpucATION AND SPECIAL TRAINING, 


Educational Director, Collegiate Section. 


September 19, 1918. 


By R. C. Macuavurin, 
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THE COMMONWEALTH EDISON COMPANY’S 
PLAN FOR RECRUITING ENGINEERS. 


BY W. L. ABBOTT, 
Chief Operating Engineer. 


The Commonwealth Edison Company, like all other large 
employing companies, is beginning to be greatly concerned 
regarding several things which are the outgrowth of the war. 
Among other things are the scarcity of labor and the scarcity 
of engineers. 

We have, for a number of years, been resorting to artificial 
means to maintain a sufficient quota of young engineers for 
our company. In the good old days, the young man from an 
engineering college would be hired for two dollars a day and 
put to work in the gang. If he stayed for any length of time, 
it was not because of any attention we had given him. Fora 
time engineering graduates gladly came to us on these terms, 
but later on, we noticed they did not come so eagerly as they 
formerly did, and those we got would stay only so long as 
they were being given interesting work in which they were 
learning something. This scarcity of engineers, or their re- 
luctance to come to us, was a progressive feature, noticeable 
at first with men from eastern universities and technical 
schools and gradually extending to the men from the univer- 
sities of the central West. After graduates from these two 
localities began to find better employment elsewhere, we still 
got a supply from universities in the South and from those 
west of the Mississippi River. These men we trained for posi- 
tions as switchboard operators in power houses and sub-sta- 
tions, which positions they were glad to take, when other tech- 
nical men would not consider them, but finally, when men 
from these last-mentioned sources were getting scarce, and 
we realized we were no longer getting the best material, our 
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PLAN FOR RECRUITING ENGINEERS. 


company in connection with some other public-service com- 
panies started an educational department, which we called 
‘* The Central Station Institute.’’ This institute was a com- 
bination of a post-graduate course with a system of practical 
training in the various departments of the companies. Orig- 
inally it was intended to secure and train young men for posi- 
tions as sales engineers and business solicitors. In an eleven- 
months course, they were given a few weeks experience in each 
of several departments of the company and finally were 
located in the contract department to learn the details of the 
work required of them there and developed into salesmen. 
Later this program was enlarged so as to include the training 
of men for the engineering and operating departments. Half 
of each day was spent in the classroom and the other half 
working in the department to which the student was assigned. 
They were charged a tuition fee of $100 for the course, but 
were allowed $40 a month for the work they did. 

This course was quite popular and successful for a time. 
About eighty-five students graduated in it during the four 
years which it ran, and up to a year and a half ago about half 
of them still remained with the supporting companies. They 
were for the most part superior men and promising material 
for positions as department heads, but with the outbreak of 
the war, nearly all of them packed up their old kit bags and 
went away into the army and navy, practically terminating 
the experiment. 

After the entry of this country into the war, it was found, 
not only advisable, but necessary, to materially change the 
course. The work was divided into five periods of three 
months each, the first two periods of which could be done dur- 
ing vacation time between school years. Instead of five half 
days each week being spent in the classroom, the new course 
provided for but one half-day classroom work a week, and in- 
stead of being paid $40 a month, the new rates range from 
$60 to $90 a month. As before the men are shifted around 
from one department to another, staying not long enough in 
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any department to become of much benefit there and not long 
enough to carry away very clear ideas of the details of the 
work of the department. It is believed, however, that after a 
student has been around in this way for a year or more, he 
will have a comprehensive general idea of how business is 
transacted in large corporations, how the different depart- 
ments codrdinate their work, and the relative magnitude and 
importance of each. This in general is the method which we 
are using to attract and to interest technical students. In 
normal times, with a less desirable course, we had to place a 
limit to the number we would admit to the course, but at the 
present time, we have less than twenty such students. Under 
the old course we paid them half as much and got twice as 
many. 

I believe a sufficient time has elapsed so that I can now con- 
fess my lamentable ignorance of most things practical rela- 
tive to mechanical engineering at the time of my graduation, 
and I have a keen realization of what a great benefit it would 
have been to me, if at the end of my sophomore year I had 
secured a job in a power house and had been put through 
boilers, turbines, auxiliaries and switchboard equipment, had 
such things been in existence in those days. I would have had 
a much clearer idea of the things that I wanted to study 
about. 

This plan is working so well that it suggests the advisability 
of not waiting until the end of the sophomore year before 
starting this practical training. The cadet might be taken in 
at the end of his freshman year or even during his high school. 
A young man who has spent three months of the year for four 
to six years in the various departments of a large company 
will come near knowing what the company is made of and he 
would, after graduation, be already equipped for a very satis- 
factory position. 

I mentioned that eighty per cent. of the graduates of this 
course left us at the beginning of the war to go into the army 
or other military occupations. All together, one thousand 
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PLAN FOR RECRUITING ENGINEERS. 


men have gone from our company and many of them are engi- 
neers. We view with alarm, to use that expression, the sit- 
uation which will exist at the end of another year or two of 
war should this condition keep up. Not only have our old 
men gone, but we are not getting new ones. The very men 
that we want the government is combing the technical schools 
to get. 

We believe that a serious mistake is being made in allowing 
our engineering students to quit their work and go into the 
army, particularly where they are going into what you might 
eall non-technical positions. This is true not only of the 
upper classes, but of the lower classes as well. If the young 
men who left their classrooms a year and a half ago had then 
been compelled to go back to school and finish the year and 
come back this year and finish this year’s work, the country 
would have had hundreds or thousands more engineers avail- 
able now than it has. We cannot predict the duration of the 
war, but the longer it runs the more serious the situation will 
become, and unless some steps are taken to take care of this 
deficiency, we will have a very serious situation. 

Various schemes have been proposed for maintaining the 
supply of engineering students, and out of it all I sincerely 
hope that something will come. You doubtless are familiar 
with the experience of Great Britain at the outbreak of the 
war in regard to their medical students who quit their medical 
courses and volunteered as soldiers in the first rush. Nat- 
urally, many of them were killed, and after a few months the 
authorities realized what a serious mistake had been made. 
They took the remaining students out of the army and sent 
them back to their schools. It may be that some such action 
on the part of this government in reference to the engineering 
students would be advisable at this time. 
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EFFECT OF THE WAR ON ENGINEERING GRADU- 
ATES AND THE INDUSTRIES. 


BY G. F. PFEIF, 
General Electric Co. 


The war has emphasized the extent that our present civili- 
zation and its maintenance are dependent on the engineering 
graduate. We have all accepted modern conveniences with- 
out much thought of the engineering skill involved in their 
production, but modern warfare, with its airplanes, subma- 
rines, heavy artillery and other destructive agencies, has 
shown clearly the need and value of technical training. 

When it became evident that our country would take an 
active part in the war, the first call came for suitable men for 
training as officers. It was soon demonstrated that men with 
technical training could readily grasp the fundamentals and 
principles necessary for the development of a civilian army. 
Similar conditions existed in the Navy, to a lesser extent, and 
the expansion of this branch of the service required trained 
men for the operation of modern equipment on battleships, 
destroyers and submarines. 

Engineering graduates left the industries by the hundreds 
to take up such work. Others have taken positions in other 
branches of the service; such as Ordnance, Inspection, Avia- 
tion and Signal Corps and to-day the demand is greater than 
the supply. Almost all of the class of nineteen-seventeen in 
the engineering colleges have been absorbed and the various 
engineering organizations have been depleted to such an ex- 
tent that their efficiency is threatened. It seems that the 
supply of technical men in the country has been drained dur- 
ing the first year of the war and no adequate provisions have 
been made for the future. Should the war be of short dura- 
tion this would not be a matter of prime importance but, on 
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the other hand, if the war is to continue for a considerable 
number of years, the situation must receive intelligent and 
far-sighted consideration. 

Our engineering industries are confronted with the big 
problem of furnishing equipment and munitions, and this has 
resulted in the building of new munition plants of all kinds, 
ship-yards, power houses, textile mills, etc., all requiring engi- 
neering skill for rapid construction and efficient operation. 
Hundreds of ships are under construction requiring engi- 
neers for the design, supervision of construction, installation 
of equipment and operation. The manufacture of war ma- 
terials has added many problems to the work of established 
organizations. The production of munitions, the reduction 
of importations and increased demand have created a scarcity 
of various materials. The engineer has had to produce substi- 
tutes which would be equivalent or devise new methods of 
construction. Speed is essential and in the electrical field the 
application of the steam turbine and electric motors to ship 
propulsion, the development of the wireless telephone, the 
production of searchlights, signal corps apparatus and sub- 
marine equipment and detectors have added to the duties of 
the engineer. Many of the parts are given their first trial 
under operating conditions, adding to the responsibility and 
increasing the necessity for accurate work. 

Prior to our entrance in the war, it was said that the enemy 
was superior in engineering skill but subsequent events have 
shown that it was superior organization. We should, there- 
fore, establish closer codperation among our engineers. In 
many cases, men in professional life have offered their serv- 
ices, either partially or entirely, but we have a great amount 
of engineering talent, especially in the technical colleges, 
which has not been utilized. These men are anxious to help 
and ean render useful services if called upon by the govern- 
ment or by the industries in a consulting capacity or for the 
solution of special problems. 

It is easy to train men for various shop operations involv- 
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ing the use of a single machine tool and the production of 
standard parts but it has been demonstrated that men cannot 
be trained for technical work in a shorter time than it takes 
in the technical colleges. The loss of many men has made it 
necessary to increase the executive work of the engineers re- 
maining in the industries and girls, or men outside of the 
draft, have been supplied for calculating and elementary 
work. However, the engineering college must be given more 
recognition if we are to have enough engineers to win the 
war and hold our place in the industrial world in the future. 

To this effect, the following suggestions are offered as a 
possible basis of improvement: 


1. Professors and instructors, teaching engineering sub- 
jects, should be given deferred classification on the same basis 
as other occupations. 

2. All students whose work is satisfactory should be allowed 
to remain in college until graduation. 

3. All graduates should be assigned to engineering work, 
either in the service or in the industries. 

4. Promising high-school boys should be encouraged to enter 
college and, if necessary, a part of their tuition should be 
paid. These boys could be selected from scholastic records or 
by competitive examination. This should receive special at- 
tention in view of proposed changes in the draft. 

5. Engineering graduates, enlisted or drafted as privates, 
should be transferred to technical work. The present system 
of classification does not seem to be entirely adequate in this 
respect, as a number of recent graduates are in service which 
does not utilize their training. Such cases should be called 
to the attention of the various sections of the War Department 
which are in need of technical men. 

6. Recognition should be given engineers of draft age who 
remain in industrial work. These men are rendering valu- 
able service but are often judged as slackers by people who 
cannot recognize service without a uniform. 


The engineer has not taken the part in political life to which 
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he is entitled and, until recently, has not had sufficient repre- 
sentation in the councils which have formulated present poli- 
cies. As a result, there is a feeling that there is no scarcity of 
engineering material and no danger of a shortage after the war. 
In the industrial world, the shortage is acute at the present 
time and the continued expansion of the army and navy will 
increase the difficulty of obtaining technical men. Every 
effort should, therefore, be made to maintain a normal num- 
ber of students. They will be needed, not only for military 
work and the production of war material but for the produc- 
tion of the ordinary necessities of business after the war. 
The cost of labor has increased to such an extent that the 
highest grade of engineering skill and manufacturing effi- 
ciency will be needed if we are to compete with the cheaper 
labor of Europe and the Far East. 

Any concerted action by the various engineering societies 
which would tend to improve existing conditions will meet 
with the codperation of the industries. 
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The Reconstruction Period in Education.—The problem of 
education, like other problems which have been raised by the 
entrance of the United States into the war, have been, or are 
in process of being solved through the various governmental 
agencies which have been created for this purpose. 

The President and Congress are now at work on the various 
problems of reconstruction which will follow the war. These 
problems in so far as they deal with education are the types 
of problems with which this Society should deal. It was 
recently said to the writer by an Army officer that the war 
had resolved itself into a question of efficient teaching. If this 
is true in war times it is certainly true in times of peace, and 
we may look to see education, especially that which deals with 
engineering, much modified and enlarged as a result of the 
war. 

Such problems as expansion of industrial research; its 
relation to colleges of engineering; the development of men 
for research both in and outside of the institutions; the rela- 
tion of the teaching staff to industrial development both as 
regards position of teachers who do consulting work and 
teachers who do research work; the more thorough organiza- 
tion of teaching with the resulting increase in efficiency which 
will be brought about through the present organization; all 
these questions must be dealt with and the answer secured at 
least in part at the earliest possible time. For instance, it has 
been the policy of this country in general to say that good 
teachers must be good investigators. Many disagree with that 
although we know that the research work adds much to the 
enthusiasm of the teacher. On the other hand, have we given 
sufficient attention to the proper organization of teaching to 
be able to speak with any degree of authority in regard to this 
matter? The forthcoming meeting of this Society at Boston 
- on December 6-7 will give us an opportunity to hear representa- 
tives of Great Britain who have solved some of these questions. 
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SPECIAL MEETING OF THE SOCIETY TO DISCUSS 
TECHNICAL EDUCATION WITH THE 
BRITISH MISSION. 


The following letter was received by the Secretary from 
Dean Henry V. Ames, chairman of the Committee of the 
American Educational Council: 


‘‘At a meeting of the special Committee of the American 
Council on Education on the Reception of the British Educa- 
tional Mission to the United States which was held yesterday, 
the desirability of a meeting of the Society for the Promotion 
of Engineering Education, to be held probably at the Massa- 
chusetts Institute of Technology on December 6 and 7, to dis- 
cuss with the members of the British Mission technical educa- 
tion in the United States, was considered. The committee felt 
that in case the proposal for holding a meeting, probably at 
Harvard University on December 4 and 5, of the Association 
of American Universities and possibly also of the National 
Association of State Universities to meet with the British 
Mission, which is now likely to be arranged—it would be de- 
sirable to hold in conjunction therewith a further conference 
with representatives of technical schools to discuss such topics 
as: (1) The Liberal Element in Technical Education, (2) The 
Effect of the War on Technical Education in Great Britain 
and America, (3) The Organization of Technical Education 
in the United States. President MacLaurin has offered in 
behalf of the Massachusetts Institute of Technology to act as 
host in case such a meeting can be arranged to be held there. 

‘Tt is not yet definitely determined that the National Asso- 
ciation of State Universities will be able to change the date 
and place of their meeting to unite with the Association of 
American Universities. Neither is it definitely determined 
that Harvard University will be the place for the joint meet- 
ing, should there be a joint meeting. It is, however, probable 
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that Harvard will be the place and December 4 and 5 the 
dates of the meeting for the discussion of topics relating to 
higher education of a non-technical character. 

‘*In behalf of the Committee on the Reception of the British 
Educational Mission, I am writing to inquire whether the sug- 
gested arrangement would seem to you to be feasible and 
whether your Society is prepared to codperate.’’ 


The council voted 38 in favor of holding the meeting and 2 
opposed. The following suggestions were contained on the 
ecards received from council: 


‘‘Would suggest meeting of council instead of general 
meeting or one representative from each college.’’ 

‘*Tf the British Mission is not large would suggest in place 
of below proposed, a meeting of the council with the mission 
and the expense of a full meeting and the time required from 
our War Councils would be too great unless it could be in the 
interval between quarters, December 21 to 30 and in the 
middle of the country.’’ 


PRELIMINARY PROGRAM OF SPECIAL MEETING 
OF THE BRITISH EDUCATIONAL MISSION TO 
THE UNITED STATES AND THE SOCIETY 
FOR THE PROMOTION OF ENGINEER- 

ING EDUCATION AT MASSACHU- 
SETTS INSTITUTE OF TECH- 
NOLOGY, CAMBRIDGE, MASS., 
DECEMBER 6-7. 


Friday, December 6. Opening session 2 P. M., President 
John F. Hayford, presiding. 

Address of Welcome on Behalf of the Massachusetts In- 
stitute of Technology. R. C. MacLaurin, President, 
Massachusetts Institute of Technology. 

Address of Welcome on Behalf of the Society for the Pro- 
motion of Engineering Education. John F. Hayford, 
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President, Society for the Promotion of Engineering 
Education. 

Response to Addresses of Welcome. British Educational 
Mission to the United States. 

The Organization of Engineering Education in Great 
Britain. British Educational Mission to the United 
States. 

The Organization of Engineering Education in the 
United States. Charles S. Howe, President, Case 
School of Applied Science, Cleveland, O. 

Discussion. 

Saturday, December 7, 10:00 A. M., Morning session, Presi- 
dent Hayford, presiding. 

The Effect of the War in Engineering Education in Great 
Britain. British Educational Mission to the United 
States. 

The Effect of the War on Engineering Education in the 
United States. M. E. Cooley, Dean, School of Engi- 
neering, University of Michigan. 

Discussion. 

12:30 P. M. Luncheon. 
2:00 P. M. Afternoon session, President Hayford, pre- 
siding. 

The Liberal Element in Engineering Education. British 
Educational Mission to the United States. 

The Liberal Element in Engineering Education. George 
F. Swain, Professor, Civil Engineering, Harvard 
University. 

Discussion. 

Adjournment. 


Note.—Owing to the inability of Prof. M. E. Cooley to at- 
tend, the subject ‘The Effect of the War on Engineering Edu- 
cation in the United States’’ will be handled by Dr. C. R. 
Mann, Massachusetts Institute of Technology, Cambridge, 
Mass. 
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Every electrical engineering and manufacturing 
facility of this company is being applied “with- 
out stint or limit” to the vital business of win- 
ning the war 


When Steel faced the oats 


Electric Power was ready to aid 


Some day, when there is time to tell the his- 
ory of America’s industrial mobilization, the 
tromantic story of steel will be a source of 
pride to every American, 

For a decade or more, wise men of business 
were certain that steel in America had 
reached top production. 

But, when the war call came for “‘a bridge of 
ships,” thousands of guns, and an endless 
supply of munitions—steel did the impossible. 
With furnaces flaming with patriotism, steel 
gave every ounce of energy to the cause. In 
1917, tonnage reached forty millions—an out- 
put exceeding that of all other nations. 
When steel faced the tremendous tasks im- 
posed upon it, plant managers and production 
engineers turned to the General Electric 
Company. They found G-E industrial power 


specialists prepared to render this additiona! 
service, and G-E manufacturing facilities 
ample to supply their needs in record time. 
In unloading ore, charging open hearth fur- 
naces, operating blast furnace blowers, roll- 
ing mills and giant cranes, electric motors 
and control apparatus have become indispen- 
sable. 

And yet, steel is only one of the many war 
industries dependent on electric power. G-E 
engineers, located throughout the country, 
with the company’s plants behind them, are 
also energetically engaged with the electri- 
fication of other expanded industries—food, 
textiles, coal, oil, chemicals, mines, metals ; 
ships, aéroplanes, automobiles, munitions, 
central power plants, lighting and transporta- 
tion systems—all essential to victory. 
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This immensely valuable catalogue sent free on request 
A DESCRIPTIVE LIST OF 


TECHNICAL BOOKS 


Prepared by a Committee of the 


SOCIETY FOR THE PROMOTION OF 
ENGINEERING EDUCATION 


This is a reprint of the list issued in 1905, with a supplement con- 
sleting of newer books recommended by Epwanp F. Srevens, Librarian 


of the Paatr Instrrurs Free Lisrary. 
The above list includes but a small portion of our extensive stock of 
technical and scientific books. We invite correspondence with this de- 
ent of our store, and also recommend our Montaiy Butierin oF 
New Booxs, giving descriptions of all new books both general and tech- 
nical, which will be sent free to any address. 


A. C. McCLURG & CO. 
218-224 South Wabash Avenue CHICAGO 


THE NEW ERA PRINTING COMPANY 
LANCASTER, PA. 


is prepared to execute in first-class and satisfactory 
manner all kinds of Printing, Electrotyping and 
Binding. Particular attention given to the work of 
Schools, Colleges, Universities and Public Institutions 


Books, Periodicals 
Technical and Scientific Publications 
Monographs, Theses, Catalogues 
Announcements, Reports, etc. 
Ail Kinds of Commercial Work 


Publishers will find our product ranking with the best 
in workmanship and material, at satisfactory prices. 
Correspondence solicited. Estimates furnished. 


THe New Era Printing Company 


= 
‘ 
| 
i 
. 


The Bulletin of the Society for the 
Promotion of Engineering Education 


PUBLICATION COMMITTEE 
John F. Hayford, Milo S. Ketchum, F. L. Bishop 


The Bulletin is the official o of the Soviets. It is published 
monthly from September to June. It contains not only the text of papers 
resented before the Society, but also college notes, short contributions 
From members, and matters of general interest to all persons connected 
directly or indirectly with technical education. 
The Society comprises about fifteen hundred teachers, engineers and 
other persons interested in technical education and a considerable number 
of educational institutions. 


Subscription Price 


The membership fee includes one subscription to the Bulletin. To 
non-members and libraries, the price of the Bulletin is $2.00 per year. 
Libraries may subscribe for the Bulletin and Proceedings for $4.00 per year. 

Communications regarding subscriptions, advertising and editorial 
matter should be addressed to The Bulletin of the Society for the Promo- 
tion of Engineering Education, 41 North Queen Street, Lancaster, Pa., or 
to the Editor, Dean F. L. Bishop, University of Pittsburgh, Pittsburgh, Pa. 
Remittances should be drawn to the order of Mr.'W. O. WILEY, Treasurer, 
432 Fourth Avenue, New York. 


“For Active Service” 


From a purely scientific standpoint, this vat 3 nd is proud 


of its contributions to the theory of Electrical Measurement. 


It is still more proud of 


Electrical Indicating Instruments 


In design, in material, in their structural perfection, they are 
thoroughly worthy to represent Weston ideas and ideals in the 
field of active service. 


Weston D.C. Miniature Precision Instruments 
are masterpieces of electrical and mechanical workmanship. They are accurate, dead- 
beat, extremely sensitive, effectively shielded and legible. 
The group includes Voltmeters, Ammeters, and Volt-Ammeters, both portable 
and switchboard, of various models and ranges, which offer a selection from over 300 
different combinations, Battery Testers are also included. 


WESTON ELECTRICAL INSTRUMENT COPIPANY 


3 Weston Avenue, Newark, N. J. 


New York Boston Chicago St. Louis San Francisco Winnipeg London 
Philadelphia Richmond Cincinnati Detroit Montreal Vancouver Paris 
Pittsburgh Buffalo Cleveland Denver Toronto Petrograd Florence 
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FRANKLIN, MACNUTT AND CHARLES 


Publishers of Educational Books 


SOUTH BETHLEHEM, PA. 


Franklin, MacNutt and Charles have taken over all of Professor Franklin’s 
Electrical Engineering Books. Orders for these books should be sent direct 
to the above address. Single copies will be sent postpaid to any address on 
approval, to be returned postpaid if not satisfactory. Twenty per cent. dis- 
count to teachers for sample copies. Usual discount to dealers. 


ELEMENTS OF ELECTRICAL ENGINEERING. Franklin and Esty 


1. Volume I, Direct Currents, published 1906............ Price, $4.50 
2. Volume II, Alternating Currents, published 1908............ 3.50 
ELEMENTS OF ELECTRICAL ENGINEERING, W. S. Franklin 
3. Volume I, D.C. and A.C. Machines and Systems, 
4. Volume II, Electric Lighting and Miscellaneous Applica- 
tions of Electricity, published 1912...................000- 2.50 
5. DYNAMO LABORATORY MANUAL, Franklin and Esty 
Volume I, Direct Currents, published 1906..................... 1.75 
6. DYNAMOS AND MOTORS, Franklin and Esty................ 4.00 


This volume contains the portions of Franklin and Esty’’ ELEMENTS 
which relate to D.C. and A.C. machines. 


7. ELEMENTARY ELECTRICITY AND MAGNETISM, Franklin 
This little volume is suitable for technical High Schools, for trade schools 
and for night schools. 


8. ADVANCED ELECTRICITY AND MAGNETISM, Franklin and ~ 

Every student'of electrical engineering needs something beyond the bare 
elements of electricity and magnetism, and this book is intended to 
supply this need. Contents are as follows: Pages 1-74, summary of ele- 
ments; pages 75-103, magnetism of iron; pages 104-120, ship’s magnetism 
and the compensation of the compass; pages 121-164, electrostatics; 
pages 165-192, the theory of potential; pages 193-273, electric waves ; and 
pages 274-297, the electron theory. 


9. ELECTRIC WAVES, W. S. Franklin. Published 1909........... 3.00 
10. ELEMENTS OF CALCULUS, Franklin, MacNutt and Charles. 


A teacher of mathematics who used this book during 1917-18 states that 

he has found the book extremely satisfactory ; he considers that the book 

is unusually clear and intelligible and that it is not deficient in precision 

and rigor. 

A CALENDAR OF LEADING EXPERIMENTS, Franklin and 

This book is devoted primarily to class-room demonstrations in physics 

and it sets forth the authors’ idea of an extended course in elementary 
mechanics (including wave motion). 


ELEMENTARY STATICS, Franklin and MacNutt. Second Edi- 


tion, 1915. Bound in paper Covet: 0.50 
SIMPLE TABLES for students of physics and chemistry. Price 


BILL’S SCHOOL AND MINE, A Collection of Essays on Edu- 
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